IMPORTANCE Recent recognition of the overdiagnosis and overtreatment of ductal carcinoma in situ (DCIS) detected by mammography has led to the development of clinical trials randomizing women with non-high-grade DCIS to active surveillance, defined as imaging surveillance with or without endocrine therapy, vs standard surgical care.
D uctal carcinoma in situ (DCIS) is a noninvasive neoplastic lesion of the breast, but it displays an unpredictable risk for developing into invasive cancer 1 that can rarely lead to death. 2 Widespread implementation of screening mammography has been linked to the increasing incidence of DCIS in asymptomatic women. 3, 4 Ductal carcinoma in situ is detected in 0.5 to 3.6 cases per 1000 women screened, 5 and the annual incidence of DCIS in the United
States approaches 60 000. 4 It is unclear what proportion of these cases represents overdiagnosis of pathologic findings that would not otherwise progress to an adverse outcome. Because multimodal treatment is recommended for DCIS after identification, overdiagnosis results in overtreatment. 6 To address overdiagnosis of breast cancer, purported to represent as many as 30% of new breast cancer cases, 3 updated mammography screening guidelines recommend increasing the age to initiate screening as well as increasing the screening interval. 7, 8 Although controversy exists regarding the degree to which screening mammography prevents breast cancer deaths, 3 ,5 the harms of overtreatment are well accepted. To address overtreatment of DCIS detected by screening mammography, the concept of active surveillance has been proposed to monitor the breast in which DCIS has been diagnosed and to intervene only in the event of progression to invasive disease. 6, [9] [10] [11] Three clinical trials have been developed to evaluate the outcomes of active surveillance of DCIS in patients with a low risk of progression. 9, 10, 12 The details of each trial are compared in Table 1 . 9, 10, 12 All 3 trials use a randomized clinical study
Key Points
Question What factors are associated with underestimation of invasive cancer in patients presenting with low-risk ductal carcinoma in situ that would preclude active surveillance?
Findings In this cohort study using the National Cancer Database, 22.2% of patients with a clinical diagnosis of non-high-grade ductal carcinoma in situ were found to have invasive carcinoma based on final pathologic findings at surgical excision. Factors that were significantly associated with an upgraded diagnosis of invasive carcinoma included younger age, negative hormone receptor status, more comorbidities, higher annual income, diagnosis in a more recent year, and treatment at an academic facility.
Meaning When selecting patients for active surveillance of ductal carcinoma in situ, consideration should be given to sociodemographic and biological factors that may be associated with underlying invasive cancer. A considerable barrier to active surveillance of DCIS is the risk of understaging invasive cancer when DCIS is found based on core biopsy. A meta-analysis of the underestimation of invasive cancer in the finding of DCIS based on diagnostic biopsy reported a significantly increased risk of understaging with the use of a smaller-gauge, non-vacuum-assisted device; high-grade DCIS; and the presence of a mass.
13 These factors, which are available preoperatively, were incorporated into the exclusion criteria of the active surveillance trials, but the meta-analysis also showed that 20% of women with core biopsy-proven, non-high-grade DCIS (low and intermediate grades) still had invasive cancer when surgically treated. 13 In a risk analysis predicting disease-specific cumulative mortality for active surveillance of DCIS compared with usual surgical and adjuvant care, the variable with the greatest risk of mortality was understaging invasive cancer at the time of diagnosis.
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We sought to determine the factors associated with an upgraded diagnosis of invasive cancer in patients with non-highgrade DCIS that would preclude active surveillance by applying active surveillance study criteria to relevant cases in the National Cancer Database (NCDB), a joint project of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society.
Methods
We performed a retrospective cohort review using data from the NCDB from January 1, 1998, to December 31, 2012. We selected a study cohort based on combining selection criteria available in the NCDB from the protocols of the LORIS (Low Risk DCIS) trial, 10 the LORD (Low Risk DCIS) study, 9 insurance status, annual income, and facility type. Racial/ ethnic groups were identified by medical record or surname. 15 The Charlson/Deyo Score is a weighted score derived from the sum of the scores for each of the comorbid conditions listed in the Charlson Comorbidity Score. 14 Commission on Cancer facility type designation requires that a community cancer program treat 100 to 499 new cancer cases yearly, a comprehensive community cancer program treat 500 or more new cancer cases annually, and an academic or research program treat 500 or more new cancer cases annually and include research and training programs. 16 The Loma Linda University institutional review board approved this study and waived the need for patient consent.
In the NCDB, grade 17 and tumor size 18 are reported based primarily on pathologic findings when available, with tumor size supplemented by radiographic and clinical findings secondarily. To select non-high-grade DCIS, we limited the analysis to cases with low-and intermediate-grade DCIS. For patients whose diagnosis was upgraded to invasive carcinoma based on final surgical pathologic findings, the pathologic stage and receipt of adjuvant radiotherapy, chemotherapy, and endocrine therapy were noted. The χ 2 and Fisher exact tests were used to compare proportions, as well as frequencies and percentages, whereas the t test and the Mann-Whitney Wilcoxon test were used to compare nonparametric quantitative variables (α = .05, assuming normal distribution and homogeneity of variance). Odds ratios (ORs) and 95% CIs were calculated for each covariate in the unadjusted and adjusted model using logistic regression. Missing variables were excluded from statistical analyses, which were conducted from November 1, 2015, to February 4, 2017, using SAS, version 9.4 (SAS Institute Inc). P < .05 was considered significant.
Results
Between 1998 and 2012, there were 2 807 541 cases of malignant neoplasms of the breast in the NCDB. patients with non-high-grade DCIS (22.2%) had invasive carcinoma based on final surgical pathologic findings.
Demographic, clinical, and pathologic features of the study population are listed in Table 2 . Most patients were younger 
Discussion
In our analysis of NCDB data, 22.2% of women presenting with a clinical diagnosis of non-high-grade DCIS were found to have invasive carcinoma at definitive surgery. This overall upgrade rate is comparable to that in the published literature. In a meta-analysis of 7350 cases from 52 studies that evaluated factors associated with invasive cancer based on final surgical pathologic findings when DCIS was diagnosed initially, the pooled risk of understaging was 25.9%. Core biopsies with highgrade DCIS had a significantly higher risk of underestimation at 32.3% compared with a 21.1% risk for non-high-grade (lowor intermediate-grade) DCIS. 13 To estimate survival outcomes with an active surveillance protocol for DCIS, Ryser et al 11 developed a risk projection model incorporating rates of progression of DCIS and invasive carcinoma and screening parameters using an 18.9% probability of understaging invasive cancer. The numbers of patients needed to treat to avoid 1 breast cancer death when diagnosed at 40 years was 28.3, when diagnosed at 55 years was 67.3, and when diagnosed at 70 years was 157.2. The variable with the greatest effect on model outcome was the probability of underestimating invasive cancer at the time of diagnosis. Our higher upgrade rate of 22.2% would estimate a greater mortality risk for active surveillance and decrease the number needed to treat to prevent 1 breast cancer death. We found that younger age was associated with approximately a 20% higher risk of underestimation of invasive cancer, while ER-negative status was associated with approximately a 60% higher risk. There was no significant difference in upgrade rates based on race or ethnicity. Although young age, hormone receptor negativity, and black race are known risk factors for poorer outcomes with DCIS, 2,4,19 these variables have been less consistently studied as predictors of understaging of invasive cancer at diagnosis. Yen et al 20 corroborated a 2-fold higher odds of upstaging (OR, 2.19; 95% CI, 1.11-4.34; P = .02) with age younger than 55 years compared with older women. However, other studies have failed to show a significant association between patient age and risk of understaging at diagnosis. 13, [20] [21] [22] [23] [24] [25] [26] [27] The effect of hormone receptor status of DCIS at initial diagnosis has rarely been reported; Park et al 25 did not find a significant association between ER status and risk of underestimation of invasive cancer. The COMET trial uniquely mandates hormone receptorsensitive DCIS as inclusion criteria. 12 To our knowledge, the effect of race and ethnicity on the likelihood of upgrading of DCIS has not been previously reported.
Other factors assessed in this study were not specific to tumor biology. Patients with more comorbidities were at higher risk of understaging (14% higher odds with 1 comorbidity and 28% higher odds with >1 comorbidity). The presence of multiple comorbidities could preclude optimal imaging or biopsy technique and decrease diagnostic accuracy. Treatment at an academic or research center or a comprehensive community cancer center was associated with up to a 2-fold higher rate of upgrading to invasive cancer than was treatment at a community cancer program. This finding could reflect higher volumes of definitive cancer therapy at these institutions, as CoC facility type classification designates hospital case volume. 16 The association of higher annual income with upgrade could mirror the higher incidences of breast cancer and mammography screening uptake that have been documented in women of higher income levels.
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More than half of the patients with DCIS (59.0%) received a diagnosis in the last 5 years of the study period (2008) (2009) (2010) (2011) (2012) . In 2008, the CoC required reporting of clinical stage by registrars 30 ; this mandate may have contributed to the increase in the number of cases staged as cTisN0M0. However, the increasing incidence of DCIS during the mammography screening era has been well recognized. [3] [4] [5] That later years of study were associated with a 64% increased odds of understaging could be attributed to greater use of percutaneous needle biopsy for diagnosis, which has been shown to be associated with understaging. 20 The association of study year with upgrade rates was corroborated by Brennan et al, 13 with cases diagnosed in 2001 and after having the highest odds of upgrade compared with cases diagnosed in earlier years.
Limitations
A major limitation with the use of NCDB data during this study period is that tumor size and grade primarily reflect final pathologic findings. 17, 18 Because tumor size is recorded from the surgical pathologic report, we could not evaluate tumor size as a preoperative predictor of underestimation of invasive cancer in this study. More than half of occult invasive cancers (57.2%) were 0.5 cm or less. For patients whose diagnosis was not upgraded to invasive cancer, the extent of DCIS based on final pathologic findings was larger, with 4.7% of patients having a tumor size larger than 5 cm. On January 1, 2016, the CoC mandated reporting of both pathologic and clinical tumor size data in the NCDB
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; subsequent studies could evaluate tumor size as a preoperative variable.
Similarly, tumor grade is recorded in the NCDB based on the most definitive pathologic findings available. We limited case selection to clinical TisN0M0 with low-or intermediategrade histologic findings to reflect the patient population screened for active surveillance. However, in doing so, cases upgraded to high-grade invasive carcinoma based on final pathologic findings were potentially eliminated, as were cases of high-grade DCIS upgraded to low-or intermediate-grade invasive carcinoma. Because the grade on core biopsy reflects the grade on final pathologic findings in most cases (71.1%), with correlation improved for high grade (83.8% for high grade, 66.0% for intermediate grade, and 68.7% for low grade), 31 we thought it a reasonable assumption for the majority of patients to use the grade variable in the NCDB. Furthermore, genomic analyses have shown that, when progression occurs, low-grade in situ lesions lead to low-grade invasive lesions and high-grade in situ lesions lead to high-grade invasive lesions; dedifferentiation from low-grade tumors to high-grade tumors occurs rarely and is marked by differences in both the frequency and the mechanism of 16q loss. 32 We evaluated all cTisN0M0 cases in this data set unselected by grade and found upgrading in only 5.4% (5446 of 101 075). Grade assignment could also be affected by lack of documentation of the source As expected, the majority of invasive carcinomas identified at surgery were hormone sensitive (74.4% ER positive), small (54.4% T1a or T1mi), and node negative (88.0% N0). However, these cases represent potential missed, or at least delayed, diagnoses in a population undergoing active surveillance. A significant proportion of patients with a diagnosis of invasive cancer received adjuvant therapies. Several studies have attempted to predict outcomes of active surveillance retrospectively. Pilewskie et al 34 stratified patients by LORIS criteria after breast-conserving surgery for pure DCIS and found that the 10-year risk of any ipsilateral breast tumor recurrence was lower for patients who met LORIS criteria (10.3%) than those who did not (15.4%), but the difference was not statistically significant (P = .08). In this study, all patients received standard surgical care, and upgrade to invasive carcinoma at the time of definitive surgery was excluded. Although the rate of progression to ipsilateral breast tumor recurrence was low overall, the authors acknowledged that patients not receiving initial excision would likely have higher rates of invasive cancer. Sagara et al 35 reviewed cases of DCIS in the Surveillance, Epidemiology, and End Results database and compared the 2% of patients who did not receive surgery with the 98% of patients who received surgery. Although there were significant differences in patients with intermediate-grade and high-grade DCIS, there was no significant difference in 10-year breast cancer-specific survival in patients with lowgrade DCIS who did or did not undergo definitive cancer surgery (98.6% vs 98.8%; hazard ratio, 0.85; 95% CI, 0.21-3.52; P = .83). Overall, the 10-year breast cancer-specific survival for those who did not receive surgery was 93.4% compared with 98.5% for those who underwent surgery (P < .001). Grade reporting in the Surveillance, Epidemiology, and End Results database is subject to similar considerations in the present study, 17 and with active surveillance of DCIS, final pathologic grade is not available from a surgical specimen. In addition to the limitations stated, we could not determine presenting symptoms or method of diagnosis. Factors associated with increased rates of upgrade to invasive cancer after an initial diagnosis of DCIS include the presence of a mass lesion detected during physical examination or imaging, bloody nipple discharge, and the use of needle biopsy for diagnosis.
13,20-27 Data on the use of initial breast imaging or breast imaging results are not available in the NCDB. The use of needle biopsy for diagnosis rather than surgical excision could have contributed to increased rates of upgrade observed in recent years as percutaneous biopsy technology became widespread, academic and research or comprehensive community cancer programs adopted new technology, patients with comorbidities underwent less invasive procedures, and higher-income patients had access to more screening and percutaneous biopsy procedures. Moreover, risk factors for breast cancer were not available for review. Because many of the exclusion criteria for the active surveillance trials (Table 1) were not available in the NCDB and the study spans a time frame in which diagnostic technology has improved, the present analysis could overestimate projected upstaging in active surveillance protocols. Successful use of active surveillance for patients with DCIS to diminish harmful effects of overtreatment resulting from overdiagnosis will depend on accurate diagnosis and diligent follow-up. One study documented that only 34% of patients with DCIS underwent annual mammography 5 years after breast conservation and 15% reported having annual mammography at 10 years. 36 Novel imaging technology, such as digital breast tomosynthesis or abbreviated and functional magnetic resonance imaging, and algorithms to optimize screening indications and intervals are being studied to improve diagnostic accuracy and decrease false positives. 37 Refinement of molecular assays 38 to predict which DCIS are obligate and nonobligate precursors to invasive disease could be used to help stratify risk of progression and would be particularly useful in the unavoidable event of understaging at diagnosis.
Conclusions
Our study showed that approximately 1 in 5 women presenting with non-high-grade DCIS will have an underlying invasive carcinoma and adds to the burgeoning evidence for social determinants of health outcomes. In addition to biological factors, sociodemographic factors, such as treatment at academic or research centers and higher annual income, were associated with an increased risk of understaging at diagnosis. The use of active surveillance must be implemented cautiously because the patients at greatest risk for harboring underlying invasive carcinoma are also most likely to be offered entry into an active surveillance protocol.
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